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"Growth and Survival of Hous e F li e s (Dipt e ra: Muscidae ) in Respons e to S e lect e d Physical and 
Ch e mical P r o p e rti e s of Poul t ry Manure". 
(^)-^a»g-^gfrBf^4elongH ^g E ducatio n Pres s . 1999. 1 1. Beijing, 

"Exploitation of Housefly Larvae." Animal R e search Institute, China Sci e nc e Academy. 
(21) Ren Guodong, o t al, E ntomo l ogioal Knowl e dg e , 2002 39(2): 103 106 

"Fac to ry Prod uc tion and its d e v el opm e nt Futur e for Hous e Flies " 
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"Raising of Economic Insects and Its Exploitation." 



006 — Stat e m em-reg arding federally s ponsor e d res e arch or deve l opment 

^Jot"'/\pphisdOlc 

11117 I nrnrrvi r* <i tt A n— hv — pi't V* ft 1 tt o o i\ f m ufi' i* . itil ^11 hni il~fj>fl <^r> nnm»mi t 

Not applicabl e 

008 — Background of the Invention 

(1) Field of the Invention: 

A method of waste recycling for food regeneration in the space. 

(2) Background Art: 

: Fhe-Sscientists in many countriesT-tik e such as China, theJJSSR, the jjS AUnited States , Mexico, Eastern Europe, Israel, Australia z 

Central and South America have studied ^rearing maggots in manure dig es tion, to convert residual protein 

and other nutrients in animal manures to high quality maggot biomass for use as animal feedstuff, (r e f e r e nc e 1 - 13) . 

In US Patent 5,618,574, Bunch discloses t o a p plv using dried fly larvae as fish food to improve the growth, feeding 

efficiency expand coloration of fish.r There are no any other disclo se s about using maggot to recycle human w ast e s and other waste? 

the maggot can be the animal's feedstuff, and the animal s will be human' s food in the space s o far. 

009- Brief Summary of the Invention 



In this invention we propose rearing one type of the-maggot - housefly larvae (HFL)_as a_space food 

source in addition to beskies-crop plants for waste recycling and food production in long term mission. 
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BRrHouselly 1 arvae have great vitality and seldom get disease. They can be easily reared wrth-m_a_small volume 
of containers where Wb- houscfly larvae and feedstuff could closely touch in microgravity under controlled 
constant temperature and humidity condition without much care. The feedstuff areis composed- made by mixing of 
me-human/animal wastes (-faces feces , urine; animal dejecta and leftover bits) and cast-off crops (such as wheat 
bran— and bean dregs). JThe crops_ is-maxalso be_cultivated as the-space food by NASA. 

Thus the feedstuff nutrition from both human/animals wastes and crop waste can be all recycled to 

achieve~_the goal of efficiently producing nourishing HPk housefly larvae . The Hft- housefly larvae will be the 
food source for feeding animals. 

The water and nutrition left in the residues remaining after rearing Hftk- houseflv larvae can be recycled 
and used to fertilized the-crop plants-agam. Beside s , c Current self-supported space foods the crop plants- such as 
wheat, potato, and beans - mainly offer most-calories and the plant proteins freeessaf^for needed by the human 
body. _They can-not offer seme-other adequate nutrients such as animal protein, fatty acids, amino acids and so 
on. Hft ^The housefly larvae body consists of rich protein, 18 kinds of amino acids ( thereinto 1 0 ki nd s 1 0 kinds 
are necessary te- for the human body), fatty acids and many kinds of vitamins, minerals, and electrolytes. Live 
housefly larvae and housefly larvae powcr T h e aliv e HK, and th e po w der of H Efc. will be the ideal feedstuff for 
animals, such as the-poultry, aquatics animals, amphibians, and livestock. These animal bodies combined with 
their eggs will he- provide a varied ideal food - they are all meat diets for humans in the-space. Fly eggs have very 
strong reproduction and growth ahrttf vabilities . 

Their reproduction and growth cycles are very short. JThey usually get-mature in 4 days after being hatched, 
and their weight increase by 250-300 times. The4Frozen maggot eggs have ajong life and keep with-their 
reproduction ability. For 5 crew in a W -ten y ears mission, around 25 kg o£fly eggs could be brought from earth at 
the beginning t o provide a for-food source without need for subse quent deliveriesy-agaffl. Rearing maggots and 
animals combined with crop plants in-the space would be a regenerative integrated system with closed loops of 
food, water, and air recovery from most wastes. The operations ef -involved in rearing maggots are al l under 
th emeet restrictions of related to minimum volume, mass, energy and labor. It is an efficient, reliable and effective 
bioregenerative system In- for long term missions. 



010 Brief Descr i ption of the se vera l view s of the draw i ng( s ): 
Not appl i cable. 
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Oi l Sequ e nc e Lis ti n g: 
N o t ap p li ca ble. 



— Detaiiled Description of the Invention 
The current problem and way of so l ving the problem: 

yp-Tto date, all crewed space missions were-have been short-term and in low earth orbit. They have 

relied on food resupplv re plenishment from earth. : fte-wWastes have to must be discarded or stored untilafter 
retuffBflgr the crew return to earth. But for future long-term missions and permanent planetary bases e«-such as 
those on the moon and Mars, it will not be possible to supply the crew from earth. th e e arth s upplying mod e will 
b e com e Impossibl e. The recovery and recycling of nutrients from wastes to support food production hav e to be 
don emust be performed -in space, however, current technology cannot support this goal. The- For example. 
NASA's cfop- crop- plant-based bioregenerative systems provide -satis fv only a fraction of the total waste recycling 
(mainly C0 2 and gray water) and food requirements - These systems ti-also requires high levels of light energy 
for maximum photosynthesis, large growing areas^ and long growing periods. So current NASA^s Advanced Life 
Support technology cannot provide the life support functions needed for long term human exploration of space in 
a cost-effective manner. 

Here we propose rearing one type of the-maggot -- housefly larvae ^as a_space food source to use in 

addition to besides-crop plants for waste recycling and food production in-on long term missions. As we know, the 

maggots readily feed on fresh manure^-to and convert residual protein and other nutrients in-to biomass, which is a 

high quality animal feedstuff with rich protein and other nutrients. The fly eggs can be offer e d provided with 

minimum ca p a ci ty effort m -on long term missions by freezing them in liquid nitrogen, so they ami-can be hatched 

and reared by warming them at_any time. ^Maggots is-are fly larvae (FL), the scientific name of the housefly (HF) 

is Musca Domestica. We select Housefly Larvae (HFL) as afirst candidate in our invention, te-is-because, HFL 

have strong reproduction ability, short life cycle, seldom get diseases, and are easily reared in high density ies with ? 

high efficiency and without much care. It is well known bv a great deal from many studies— that HFL have the 

ability to flourish in virtually any animal manure ( and certainly human manure too). They can convert these 
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wastes to high quality nourishing animal feedstuff without poison.r The equipment and operation techniq ues 
needed to raise them for them are simple. Also, feeding, processing, and storage of HFL, and the using- use of 
HFL as feedstuff for varied- various animals are all the-mature technique on the ground. _It may therefore he 
easier to transfer these techniques to space usage with less time and investment. 

We do not select HF pupae as our first candidate even tf- thoug h pupae contain rich nutrition tee-and with 
the preferable stage f are easy to or easy harvest. __The reason is that there is a loss of biomass in pupal 
development. _Pupae are about half weight of the~mature maggots and more- the larger amount of chitinous 
exoskeleton e£in_the adult may reduce nutrient availability. 

HE -Housefly larvae has- have a fabulous reproduction speed. A couple of Hft^ housefly larvae can 

produce around 1000 eggs during tis- their reproduction period (12-15 days). Theoretically, 1000 eggs can 
reproduce 200 billion adult HFL within four months. 200 billion HFL contain more than 600 tons of pure protein. 
The egg usually takes 4 days to become mature HFL and 10 days to fly. & -Thev haves a_short and speedy 
reproduction period wkh -and a high output. The weight of one HF egg is around 0.08mg ( one gram of HF eggs 
contains 12000-14000 eggs)f30], the weight of one adult maggot will be 20-30 mg, which is 250-350 times larger 
after being reared for 4 days. It -To date, housefly larvae arci s second-fop-to-none to-in Bfeduee- producing animal 
protein-so-fer. Moreover, rearing HFL in the darkness and- in an aeration room with temperatures of 25-28'C and 
comparative humidity 60-80 %, eaa -allows them to r eproduce continuously generation afterb v generation. HFL 
are light avoiding insects, so they should be reared in dark containers instead of in Jhejight as for plants 
photosynthesis. 

Nutritional content of HEk Houseflv Larvae 

The data indicating below is from four national academic institutes in China. | 16 I J17K [1 8 U221 (See, Wang Darui 

et ah Entomological Knowledge 1991 (4): 247-249 "Analysis and utilizi n g of the Nutritional Contains of Housefly Larvae/*; 
Zhang Zhe sheng. et ah Science and Technology of Food Industry 1997 (6): 67-69 "Exploration House Fly Larvae as a 
Potential Food Protein Resource for Human."; Li Guanghong. et aL Entomological Knowledge. 1997 34 (6): 347-349; 
"Nutritional evaluation of extracted Housefly Protein/ ; and Wei Yongping et aL China Agriculture Press. 
Beijing. August 200 L "Raising of Economic Insects and Its Exploitation/ v ) 



The Analysis R es u l t s of tiUPys- Houscfly Larvae Nutrition 
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: Phe-Houseilv larvae HR^powder is dried from fresh HFL. Its weight is arewtl-about 1/3 that of fresh 

HFL. HFL powder contains 54-63% e4-protein which is more than that of fishmeal powder. : Fhe-Ffat accounts for 
1 1-17 % of HFL powder wrth-similar to co m posi n g of plant oil or fish liver oil. Amino acids are well combined 
with 9 kinds o£essential amino acids for humans. The total amount of essential amino acids crucial to human lives 
life is 2.3 times that of fishmeal, the-storage of lysine, methionine and phenylalanine are-is.2.6, 2.7. and 2.9 times 
that of fishmeal A respectively. Two of the essential amino acids, lysine and tryptophan, are poorly represented in 
most plant proteins. The essential amino acids account for 43~47%(E%), which is more than the referenced 
standard (40%) issued by FAO/WHO. Essential- 

amino acids/ non-essential (E/N) is 0.70-0.89, which is much more than the referenced standard (60%) issued 
by FAO/WHOf20]. 

HFL powder contains rich amounts of K, Na, Ca, Mg, P and a-lot manv- o-f trace elements necessary for 

humans such as Zn, Fe, Mn, Cu, B, P, Gr, Co, Al, Si, etc, - and also contains sufficient vitamin A, D and B. The 
content of vitamin D is similar to that of with-fish-liver. It esp e cial ly Notably, HFL powder contains rich amounts 
of vitamins -Bi and B 12 that are insufficient in the-crops. Bj and B? levels are, respectively,, 15 and 1800 times that 
those of milk-f2i}. 



Table 1 Nutritiona} contents of HFL powder, HFL protein powder and fishmeal (%) 





HFL powder 


HFL protein powder 


Fishmeal 


Content ^^-^^^^ 


m [i8] in] 


n Ol 


TO 


Protein 


60.88 54.47 62.70 


73.03 


38.6-61.6 


Carbohydrate 


12.04 


0 


2.80 


Fat 


17.1 11.60 11.20 


23.10 


1.2 


Gross Fiber 


5.70 


0 


19.41 


Ash Content 


9.2 11.43 10.42 


1.83 


20 


Moisture Content 


5.80 5.10 


3.34 


11.40-13.50 


Chitin 


3.97 







HFL protein powder is enriched from HFL powder processed witlvmethod-o fus i ng acid deposition techniques . 



Table 2 HFL Fatty acid 
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Contains of Fatty acid (g/1 OOg) 


Data From Ref. (17) 


Myristic acid 


2.2 


Linoleic acid 


32.5 


Palmitic acid 


19.7 


Linolenic acid 


3.3 


Stearic acid 


2.3 


Saturated fatty acid 


27.4 


Palmitoleic acid 


12.7 


Unsaturated fatty acid 


68.2 


Oleic acid 


18.2 


Essential fatty acid 


36.0 



T abic 2 shows how r^e^&>v64akle4n4icate~ non-saturated fatty acids o*~in_HFL powder account for 68.2% of total 
amount of fatty acids. Thereinto Eessential fatty acids account for 36% (Mainly Linoleic acid). Plant oil contains 
much more Linoleic and Linolenic acid with richer nutrition than those of animals. HFL belong to animality, but it 
contains much more essential fatty acid than peanut oil amJ-oryegetable seed oil. 

Table 3 Amino Acids of HFL powder, HFL Protein powder and fish men I (%) 



( * Amino Acids essential for human) 



Oata-FFom-Ret^^ 








jj4~7"] 






m — 


—m- — 






Amino Acid 


HFL 


HFL protein 


Fishmeal 


Aspartic acid 




5.4 


6.18 


9.58 


7.60 


2.85 


Threonine* 


2.30 


2.39 


2.03 


4.59 


3.17 


1.15 


Serine 




1.83 


1.58 


4.03 


2.57 


1.34 


Glutamic acid 




8.91 


8.20 


15.06 


10.67 


5.34 


Glycine 




2.36 


3.84 


4.55 


2.67 


3.27 


Alanine 




3.64 


2.49 


6.10 


3.21 


2.28 


Cystine* 


0.43 


0.31 


0.67 


1.17 


0.50 


0.23 


Valine* 


2.76 


2.87 


3.23 


5.05 


3.71 


1.58 


Methionine* 


1.49 


1.26 


1.25 


2.42 


2.27 


0.46 


Isoleucine* 


2.34 


3.10 


2.54 


4.21 


3.98 


1.09 


Leucine* 


3.57 


3.85 


4.05 


6.92 


5.68 


2.07 


Tyrosine 


4.30 


3.24 


3.22 


6.15 


5.27 


1.37 


Phenylalanine* 


4.32 


3.08 


3.51 


5.74 


4.87 


1.19 


Lysine* 


4.30 


4.45 


4.30 


9.32 


4.97 


1.64 


Arginine 




2.18 


3.70 


5.23 


3.88 


2.31 


Histidine 




1.27 


1.96 


2.91 


1.59 


0.70 


Proline 




2.19 


4.16 


4.08 


2.34 


2.79 


Tryptophan* 


0.78 


1.10 
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E 


27.59 


24.65 


24.80 


46.67 


34.42 


10.78 


N 


27.68 


32.47 




51.54 


34.62 


21.29 


E+N 




52.33 


57.27 


98.21 


69.04 


32.07 


E% 




47 


43 


48 


49 


34 


E/N 




0.89 


0.76 


0.90 


0.99 


0.50 



E: Total amount of essential amino acid, N: Total amount of non-essential amino acid. 

E%: Percentage of essential amino acid, E/N: Ratio of essential amino acid and non-essential amino acid. 



Table 4 Analysis Result of Several Minerals and Trace Elements in HFL Powder 



Minerals and elements (PPM) 


Data From Ref [16] 


K 


71.72 


Zn 


4.40 


Na 


20.00 


Fe 


2.33 


Mg 


26.97 


Mn 


1.98 


Ca 


34.12 


Cu 


0.29 


P 


62.35 


B 


0.19 



Table 5 Analysis Result of Vitamin Content in HFLs 



Contains of Vitamin (mg/lOOg) 


Data From Ref. [17] 


K 


0.35 


Bl 


12.85 


A 


1.17 


B2 


28.86 


D 


1.08 


B6 


7.83 


E 


0.45 


B12 


188.04 



Storage of HF eggs and HFL food in space: 

1. Cryop reservation of fly eggs in long duration missions. 

Our invention i s to gain provides nutr ie n t nutritional food for the crew of a spaceship by rearing HFL and feeding 
animals in space. 

Here-w\Ve propose the-pr^e^perator^H HFL in n o r mal feafwg 



op e ration. 

That means toonly rearmg HFL in~stead of fl y flies in the space-JM^ecause in s pace to rearing HF- flies in space 
witi -would take more room and labo r than rearing larvae. rT4terefofe~thefe~ 

There is a need to bring adequate fly eggs from earth for food source storage 

in long term missions. _Fly eggs could become HFL after being hatched. __HFL ge^mature in 4 days and 
could be come animal feedstuff by living -producing HFL or HFL powder. 

-T4ii^cofK-ems4eelMK4eg^tT-#rozen HF eggs storage -stored for ifhlong term missions to4>v-keepin gmav maintain 
their strong reproduction and growth ak&iy abilities . Within 44-ffl more than 1 0 ofe years of research, it has been 
demonstrated that curr e nt l y Drosophila (Fruit Fly) eggs ewkl-can be hatched successfully after reserving freezing 
them in undef liquid nitrogen. _Drosophila egg- eggs frozen in this way can eeuid-grow to fly and keep its maintain 
their reproduction ability abilitics . Lynch of Cornell University reportedr- that they can reach a_75~90% high 
hatch rate J44}rand Mazur— has demonstrated that the hatch rate can reach 70~80%f+SJ. Insect eggs can be 
r e cov e r e d bv lherefore be preserved by -storing them 

in liquid nitrogen wkh- for an unlimited tefm- duration, as long as keeping the egg cases in -are maintained at a 
proper permeability before being frozen and aj;ontrolledmg warming rate is used . 

The refore w We sup p o se believe that houseflies HF can reach high hatching rates as w ell like-as Drosophi^ 
because they are all flies. 

2. Amount of HF eggs for storage in long duration mission 

We can bring enough- sufficient frozen HFL eggs into space because whtle-eggs are small in_size, light-weight and 
easy tfLStoreage mby 

freez ing e. Thev -The eggs can maintain their reproduction and growth aMttv- abilities in- while f rozen eeae for 
several decades or hundreds of- years, 

just as human semen caneeuJd live that long wwhen fr ozen eeae. According to our calculations, for every day, each 

astronaut needs 400g of fresh HFL, which is equivalent to 130g HFL powder. it -Powder contains around about 

80g ofprotein (see Table 1) - which t hat-meets the daily protein needs of an adult. There is a need ef-for around 

about 6 grams of eggs ie^toraiseiftg; 1 6 kg of HFL in 4 days and afeutt4-ahout 0.5 kg eggs for one year. Thus A for 

5 astronauts in a JQ years duration mission of 10 years in duration, it needs to bring around about 25 kg of eggs 

should be brought from earth. Jt- This is an acceptable loading weieht payload to bring into space in space for for 

several decades worth of food resource in s everal decad e s s. 
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3. ^Storage of food and food sources in space 

In this food bioregenerative system, as the food (HFL and the feeding animals) is daiJy-produced daily in 

space locally, the~food storage becomes simple. It is envisioned that these food sources ea mvill be-usually be 
reproduced by themselves in the-space too. There are two kinds of storage, one is for the storage of these 
animal ity foods (-animal meat and eggs) and maggot powder. This type of storage is the same as on ground 
earth for common frozen storage. Another +s~ kind of storage involves food source storage fa-t4K>se-4bed--s<>ufee 
s t o rage , such as the storage of fly eggs, animal eggs, oosperm and placenta. They- These items can be frozen in 
liquid nitrogen for cryopreservation ifl-leflgfor long durations. The technology of frozen storage, and re-warmmg 
the se items ffl-4fl- while maintaining k ee ping of their strong reproduction and fast growth ak&tv- abilities has been 

basically solved on greundeanh - These food sources toive-leBg4tfe-%y can he preserved for a long time by 

storing them in liquid nitrogen. Theoretically,, they can be stored wrth-for an unlimited duration term-and can 
recover from thawing. There is no need of much for great care abetrt- with these food sources during4he long-term 
freeze freezing . They can be takea- removed from storage and unfrozen easily at any time. 

HFL rearing and waste recycling in space 

The feedstuff for HFL in space is very simple, mainly using human and animal wastes (manure), inedible parts of 
space animal bodies and crops. HFL readily feed on fresh human waste as its feedstuff, this4s-because the-human 
waste contains rich nutrition. Most nutrients from all of these wastes can be provided back to the crew by taking 
the food from animals which are fed by HFL. 

The residues remaining after rearing HFL ts- are o dorless and can be used by crop plants as high grade fertilizer. 

1-i.The formulation of feedstuff for HFL (weight percent of the feedstuff), is varied on different animals: 

Fresh human waste (feces and urine) and Ffesh- fresh animal waste (manure and animal body residues): 
85-90%, 

Residues of space crops ( wheat bran, bean dregs, and pieces of crop stalk/leaf): 10-15%. 
2 ri _Processing of the feedstuff before feeding: 

Mixing of above composition in a closed container, humidity of the feedstuff in range of 70% ±5% (adjusting by 

the volume of the urine), temperature in 25-30°C, keeping the feedstuff as fresh as possible. 
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3r/Transplanting of the HF egg on the surface of the feedstuff: 

The HFL eggs are token- removed from their liquid nitrogen container in ukfa- ultra- low -temperature frozen storage, 
and then warmed for hatching. For a_suitable density of feeding HFL, 1 kg feedstuff may be matched with 1.0-1.5 
gram HFL eggs. 

4-^.The conditions for rearing: 

Th e r e are aS-serial numbers of same tnay be provided on the - containers used for rearing HFL. The number 
depends on the output needs of the HFL . The containers are all closed for odor control. In the containers: the 
temperature is 28±2°C, the humidity is 70 ±5 %. in s talling a Aeration pipe is installed in both the upper and 
middle layers for good aeration and oxygen ation off eri ng , and to keeping the aeration speed with 1 grade. The 
odor flowing in the aeration pipe will be filtrated by the deodorizer. Stirring the The feedstuff is stirred once a day 
fer-to_avoid*Hg the-<>ver-lK>tH3fHl^>rt-ej : oxyfie ffl)verheating and internal oxygen shortages 
internally after placing fly eggs in the feedstuff. _Before rearing, the feedstuff and containers should be placed in 
amicrowave oven for bactericidal processing. The interior 4 ns4de-of the containers be- should be maintained kept in 
the_dark with darkness 12:12 . 

5 r /The structure of the containers and the rearing procedure: 

Each container volume is 40X40X12 CM 3 It is much smaller than that on earth— ^Bbecause in status of 
microgravity, HFL and feedstuff have to closely touch in order to keep feeding all the time. Usually, 1 kg of 
mature FHL can be produced within one rearing cycle of 3-3.5 days for each container. The container is divided 
by three layers with thickness of 8 cm and 2 cm and 2 cm respectively. The upper layer is 8 cm thick for HFL 
rearing only. It is full of feedstuff The middle layer with ajhickness of 2 cm contains wet wheat bran or bean 
dregs for decontaminating the viscera of the HFL after 3 days of rearing. The lower layer with ajhickness of 2 cm 
contains wet wood bits or silver sand for making the mature HFL hungry, collecting and cleaning the mature HFL. 
There are two mesh screens between the three layers. The HFL skin can be cleaned while it goes through the tight 
screen opening. 

The HFL can be driven to middle and lower layers by strong lighting on the surface of the layer and can stay in 

both of the layers for 3-4 hours respectively . Thev r4hefhcan then be collected in thejower layerr after 3.5 days 

of rearing. Do not take 4 days as the collecting time, as this is of con s ideration of the considcred to be the 

maximum biomass harvest of the f or HFL to prevent any HFL from becoming pupa. After rearing HFL, all the 
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residue^ which consists of the-water and useful contents, can be recycled as fertilizer for space crop plants. 
Rearing HF in space. 

The-F41y rearing and reproduction could be a standby way- method for sudden use in case i n long term missions. 
Moreover, it is easier to rear HFL than HF in space, so a great deal of breeding space, labor and expense for 
rearing fly-flies can be saved. _Jn normal situations, there is no need to rear tf -flies won long term missions 
because the problem of storage of HF eggs has been solved. _But in- as a contingency of- upon losing seme-eggs, 
the crew hav e cante rear HP -house ilies to make up for the fo r compl e ment of losting eggs. Therefore the 
technology of rearing M-house flies should be reserved. Rearing HF in space shall be-as take into consideration the 
following points 

lr-JRearing quantity and density:. The rearing density of HFL on the ground in large scale is 40000-60000/m3, 
but in space , where the crew only needs to rear a small number of flies for egg collection-only, te-feaf-fl ies can be 
reared v in the-a_cage with asize of 40X40X40 cm 3 . _It is a closed ca£e having t-tae four skle-ef-cage walls each 
of which is afe-all wkh-mesh for aeration. _For one fly, its minimum active range is 10 cm , so 3000 eeuple- pairs 

of flies can be reared in one cage. In this cage, 13-15 gram eggs can be laid every day. (-600 eggs can be laid by 

one eouftte- pair of flies within 10 days, one gram of eggs contain 12000-14000 eggs, so 3000 couple flies can lay 
13-15 gram per day). It is e nough This is sufficient for the_food source needs of 9-10 crew every day. (-one crew 
need 1 .5 gram fly eggs as the daily food source) 

2 T Feedstuff: 

The feedstuff of ovipositing HF is required to be b etter than that of HFL, because H£- houseflies likes to eating 
HFL paste (smash live FIFL into paste), and fortunately, the HFL paste could be easily produced self-sufficiently in 
space. _The-A_formula e£for the feedstuff for HF in space contains:70% of HFL paste and 30% of wheat bran or 
bean dregs. f 

3 f Approach of for rearing FL in space: 

Rearing HFL i?; th e s am e as the abov e- may be reared as -mentioned above . ^Before HFL reach maturitye, 

useaUy-they usually take 4 days of rearing. 
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The HFL are all in the lower layer of the rearing container with wood bits for pupating, at a temperature 

within 24~32°C, ajiumidity of 60— 70%, kept in the dark an4-with an aeration speed of 0.5-1.0 grade. _Choose 
the pupa whose weight is more than 18 mg as the seed. _Pupa will have eclosion after 5-7_days, while HF can 
oviposit 3 days after eclosion and the ovipositing period is 30 days or so. As a rule, HF will be killed after 1 5 days 
ofovipositing and s top g e tting e ggs egg ga thering w ill be terminated tofe r assuring assure ihe-satis factory egg 
quality. 

The r Rearing temperature in the HF rearing cage is 28~30°C, the humidity is 60-70%. The feedstuff for 

rearing HFL is supplied wrth -using a small feedstuff box in the cage, including an absorbed water sponge, 
feedstuff sponge and lured ovipositing sponge (-the sponge absorbs water and feedstuff to prevent the water and 
feedstuff from floating off under the microgravity). _In addition to fresh human feees -feces as ovipositing lured 
matter paste on, the feedstuff is the same to be applied on the lured ovipositing sponge, which can be put into 3 
days after eclosion of pupa, at intervals of 1 2 hours. These three sponges should be alternated and the HF eggs 
could be collected once every morning and afternoon. The rearing cage needs to be sterilized with ultraviolet ray 
before rearing, HF pupa comes to eclosion after being disinfected by using potassium permanganate. Rearing HF 
needs- requires lighting . Longer lighting times provide greater H tie-jongi^iffleH^ligh-ting-rmer-e-benefits for FL 
growth and ovipositing. 

Processing of HFL powder 

D Steps: Collecting Fresh HFL— * Cleaning-* Drying— Grinding— bactericidal procedure— Collecting 

powder— Package— Storage 

2) Drying: Microwave under 80°C 

3} Drying within 6 hours after collecting HFL to prevent fresh HFL from becoming pupa 

4L_ 

The HFL powder can be stored in-by freeze ing for long term preservation. 
Application of HFL as feedstuff for animals: 

Due to the rich protein and other nutrition that HFL contain, applying HFL as feedstuff offers- provides good 
animal protein and other rich nutrients to poultry, livestock and aquatics to achieve large rate of reproduction and 
survive. This has been demonstrated bvft — was — prov e d — by — many countries in the 
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world. [rj[2][3][4][5][6][7][10][12][19][20] . As the intake ratio of hens fed by feedstuffs is about 30%, a great 
deal of nutrition are left in the hen's manure. HFL can recycle the nutrition from manure. Researchers have 
conducted c Experiment s that demonstrate that vvhen ~f*HfrtSr-thc HFL arewere reared bv- on the manure from three 
hens, - 

It can m e et the nutritional demand of two hens fa ffimav be met. _„Thus a only one hen's feedstuff can sustain three 
hens.___This is the best proven example for HFL fed by manure. The method can not only save feedstuff's, but also 
assure of good health. 



Feeding Animals fry-on HFL in the-space: 

The proportionate nutrients of HFL powder are of free of pathogens and toxicity and have a wrth quite mild taste. 
From its nutritive value and special health-keeping forreiio ftcapahilities, HFLtf should be anjdeal food for humans 
in space. This is the most simple food chain m-for recycling ef4he- waste in space. _But in fact, people's cultural 
barriers and eating habits make themselv e s rather it rather difficult to accept insects as food ? (not to say HFL, the 
dirty insects with human waste as their food}., in such at) inclement the - environment of space. ^Therefore, in our 
design, the first key step we have-to must complete is to convert all the-wastes from human, animals and space crop 
efficiently into HFL. The second step is to take HFL as animal feedstuff. These animals and their eggs are looked 
upon as human food. In this way, the HFL and animals will be the medium loops between the human food and 
wastes. Their function is to recycle wastes to be human food. Thus, a closed food chain, food to waste to food can 
be completed with HFL and feeding animals. The embarrassment of taking HFL as the human diet can be avoided. 
HFL as the animal food and animals as the human food can be easily accep ta b le acccpted . Researchers have 
successfully fed Th e animals of poultry, aquatics, amphibians^ and livestock ar e succ es sfully fed by maggots both 
in farms and labs .[ l | - [13] . 

In this invention, we recommend the partridge, tilapia and America bullfrog as the first candidates for 

space testing animals, (the swine may be the~a_future candidate). The reason to choose the above-mentioned three 

kinds of animals as the space feeding animals is ; that they have common grounds as follows: 

Their feedstuff all can be self-sufficient in the space. The delighted favored feedstuff of all of th e m these 

animals is living HFL and HFL powder, and a ether accessorial su pplemental feedstuff is inedible crops (wheat 

bran, bean dregs and so on W During their puerile stage, these animals puerile stage, can aU-be fed with HFL 

power with addedmg inedible crop s and they? then can be fed wkh-by adding living HFL after they grow up. 
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These animals are successfully fed on the earth by feeding maggot who convert the nutrients from animal 
waste. Researchers have demonstrated this in T hese-feeding tests using uti l ized chicks{4-3}. pigs{ffi T Gcatfish 
and tilapia [7] [ 8 ] , frogs-f4^, and tbe-partridges. _ ( W e ju s t don e in Jun e of 2003) 

I h^y-aU-had- primary -s^ and fc cdwg--e^per4 m c nt s, thoug h t h ese e xp e r i m ents-a r e m e r el y 

zool ogy ex p eri m e n ts unde r m i erograv i ty, - whos e a« n is not to feed them a s food. Ho w ever, they 
frko Researchers have also demonstrated that these animals can he feeding them in the space is fea si ble: 

IFor example, i n February, 1 999, 37 little-partridges hav e b ce n were hatched eut-from 60 partridge eggs by the crew 
in Russian Peace ISS. Even though in-ih ethere was a bad environment of strong radiant of the s pac e space radiation . 
yet-10 were alive. In an e fembryology study of South African Frog performed on the in-US STS-47 Space Shuttle 
it was showsn that the-eggs could be laid by the-frogs in the~space. Those eggs were-aW-hatched intoo ut-to~&t4e 
polliwogs. _Experiments with fish and spawn are- have also been performed by researchers success full v. m ade 
succ es sfully as w e ll. 

Another significant advantage of feeding aquatic animals is that they originally live in the water which is 

similar to the mierogravity environment of the space. Therefore, their zoology in the space, especially taking food 
and reproduction in water, will be the same as on the earth and not affected by mierogravity. FHL can survive for 
over 24 to 48 hours on the water surfacefSOJr. Sso it is convenient for the aquatic animals to eat active FHL in the 
water as on th e glob e earth . 

^he-w Water is abasic source for the survival of humans and animals in space. Fortunately, there is 

information indicating the apparent presence of ice in permanently shaded area at the south pole of the Moon. Also 
water is known to exist on the polar ice caps and below the surface of the Mars. Once these water resource can 
be exploited on these planets, it is- will be easily to rear varied- various aquatic animals m~on a large scale by 
feeding them maggots on these planets . 

The eggs of these animals can be brought from earth and be stored in liquid nitrogen for long term 
cryo preservation, just the same as the fly eggs, and then— can then be hatched after re - worm thawing . 
How e v e r Moreover , they can reproduce by themselves in the-space. 

These animals have small sized body bodies , fast growth^ an d s hort ran id mature -matu rity term, high rates of 

oviposition, can be densely reared, and are strong in anti-illness and adaptation. Their ks meat is all high 

protein food with low fat and low eh ol es t e rin cholesterol. easy for digesting with good taste. A s fo ln the r example 
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of partridge, its ovipositing term will be 35-45 days after hatching. The rate of oviposition is higher then 80%, 
weight rate of egg/body is 2.5—2.7 times higher than that of chicken. Partridges have a small appetite — SwaU 
eapac4ty-of : -di6t r the weight fate- ratio of diet/egg is 3. Partridges like ft r-e-fey to eat maggots. The maggots prefers 
like to eat &e-partridge manure. _ln our 60 partridge feeding 

tests with HFL, the daily manure of two adult men and 60 partridges, with adding 10% manure weight of 

wheat bran as the feedstuff for rearing HFL from 2.5 gram of HF eggs, can harvest around 600 g fresh 

HFL every day. The partridge average weight increases 13% by feeding daily diet with living HFL 

(10 g HFL +25 g normal feedstuff ) compared with a_control group with- having a normal diet (40g normal 

feedstuff) within a 2-2-27-davs- feeding period. Same-This is similar for as the tilapia, its-whose matwe-maturation 

term is very short and which -can be used tok en as for food a ft er 

2-3 months after hatching-3— 3-monthsr- and which can oviposit and hatching by themselves wrth- at a high rate 
while being fed in a_closed water tank without much care. 

(6)-The technologies for rearing these animals on the ground earth are mature and well known. 

The safety of the HFL and HFL powder: 

(1) The pP athogen-free nature of the-HFL and HFL powder: 

HFL has- have special immunity abitifo- abi lilies for resisting bacteria. Their bedv- bodies contains many kinds of 
active protein that fef-res4sttng- resist bacteria-gfeat4vr^hatHs-far- greate r more strongly than penicillin-{22}. 
The b Bacteriological interactions associated with manure digestion by maggots are favorable. Maggots are 
competitors with bacteria for nutrients and often reduce bacterial numbersHeor eliminate them altogether. 
Maggots may consume and digest microorganisms? and produce antibacterial and/or fungicidal compounds. 
Numerous studies using dried, rendered and fresh maggots as animal feed have revealed no health problems 
resulting from this practice. Culturing of self-collected soldier fly prepupae from a recent swine trail revealed no 
pathogens-.{+£[. 

R e f e r e nc e [17] pointed, R esearch er s have demonstrated th at assays on-of lOOg HFL powder from uijnj^the.abeve 
above- mentioned processing steps are free from : colic bacillus and pathogens ore all free . IV^he total bacteria 
number count is lower than standard milk powder. k -This shows that te-HFL powder as -is edible as human food 

ITCUllMC, 
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To assum e of rearing FHL-HFL in space, the eggs are retrieved from cryopreservation; the feedstuff and 

rearing containers can be disinfected in advance; the processing of the HFL powder is performed trader -using 
bactericidal procedures. Asa result, So-the HFL and HFL powder can be assumed to be pathogen free. 
(2) Without poison: 

Reference s ) 16][ 1 7 || ' I8']|'22]off e r Researchers have produced data ^analysing the jngredients of HFL powder and 
have demonstrated that pfeve-HFL powder is a fteh-protein -rich food without any poisons. 

Ideal fertilizer for space crop-the residues after rearing HFL: 

In our experiments, the wastes (35% fresh human dejection+55% partridge manure and+10% wheat bran ) were 
Dige s ted digested by HFL se-festq uickl y. The odor from the waste is almost free- gone after one day of rearing. 
The residual waste is Redtree& reduced 57% after 3 days- days of rearing. 

Mi l l e r etc. [2 { Researchers have -reported— that after HFL dig e stin g digestion of the-hen manure, the-residues still 
contains 15% protein. This k-can be used as *he-a_good soil improvin gement agent or fertilizer. 75- Furthcr, 80% 
organism material ofo f the hen manure is converted by HFL— and loses about half of the moisture, dry matter and 
total weight at the same time, te-only keeping its the ash keops the -same— 

Researchers have Teo t ia e te rffi-reported: that after HFL digestmg-ef the hen manure, the residue contains 17.62% 
protein, nitrogen is__reductedieft from 7.5% to 2.6%, the-and phosphorus is reducedUeft from 3.4% to 1.8%. 
Sheppard reported [10][9], Other researchers have reported that their manure management system (using black 
soldier fly) can reduces residual manure by 50%, including a 24% reduction in nitrogen concentration within this 
50% residual manure, resulting in total nitrogen reduction of 62%. _More recently, h e s u g g es t e d researchers have 
suggested that a higher rate of nitrogen removal is possible, as is a significant reduction in phosphorus. It is 
evident that nitrogen and phosphorous removal as -from wastes by their incorporation into maggot biomass will 
provide be~a significant benefit in nutrient management. 

Th e Mo s cow Biology M e dical R e s e arch Instit ute re p o rt e d Researchers have reported that ; the manure residues 
remaining after HFL dig e st ing digest ion are ^-is a kind of humic matter with no infective pathogens. Use of rt- these 

residues as fertilizer for tomato, cucumber, black mushrooms etc._—can get- produee the high rates of production 

and good quality-f^OJ. Morgan& Eby T5] renorted. Researchers have reported that using HFL A one can convert 100 

Kg of fresh hen manure or cow manure to 2-£Krg- 3 kg of protein feedstuf f and r-can aJse-produce 50-60 kg of dry 
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and odorless soil improving agent. As maggots can reduce pathogens in human/animal waste, they may make it 
safer for organic vegetable production.fl-2} 



3 1 he-eOther functions of maggot powder: 

Due to lack of protection e£f rom t he earth's atmosphere aero s phere and magnetic field in space, there are 

are obvious harms ful effects on -en-the human body by varied due to strong space radiation wMe -when humans 
livemg in the-space . These effects include -sueh-as-foea reduction e fin the number of -foe white blood cells and 
immune cells, eaus4ftg-cancer . damage to and hurt of th e fertility.-atelitv etc. To- The desire to resist of-the 
harmful e fleets of s-from-space radiation ha s lead to i s the im p o rt a nt research programs, atin NASA and inmany 
countries mof the world, but to date no th e re is no effective way ye tto overcome these effects has been developed . 

Tests The-tes-ts-have proved that ; taking -eating fee-maggot powder as a_healthy food, can improve the 

ability of animals and humans to resistsmg harmful radiation and immune function effects. wh e th e r f or animals or 
human body. _For fee-patients under treatment ef- using radiation or chemical therapies , the reduction of white 
cells and immune cells obviously slows down? and fee-hair lost is apparently d e cr e asin g decreased . The ingredient 
in maggot bodies that provides these functions is not certain, but there is a significant clinical effect k-is-net-sure 
wha t i s th e e ff e ctiv e ingr edie n t f or th ese f unct i on s in m a ggot body, but t he re is a quite important clinical 
signification for humans living in foe-space or on fee-earth.7 _ The c Crops or animal internal organs could serve 
asee feedstuff for rearing maggots on the-earth or in foe-space, some herbal medicines and other ingredients with 
special function can be added in those feedstuff, or into maggot (pupa) powder for increasedmg effect. ftThese can 
also be taken by the people who hav e to touch are exposed to with the radiation or live in locations that are i n-foe 
plac e wher e i s polluted by radiation. Furthermore, fee-animals that feeding bv-foeon -maggots, their meat and 
eggs can exp erience have the similar benefits function too . The daily dose for adults is 0.3-1.0 gram of pure 
maggot (pupa) powder, 

Maggots can also be used as carriers for seme special ingredients by feeding the maggots with relevant ingredients 
that humans need, such as vitamins, minerals, electrolytes and antibiotic etc. . With this approach, r -so-the r e aring 
animals re ared on the maggots will serve be-foeas carriers for these relevant ingredients tee-by virtue of being 
feeding wrth-on theose maggots. 

Researchers have Ru s sia and Kor e a has exploited maggot carriers, for example, it has been 

demonstrated that maggots can contain enough antibiotics and trace 
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elements by rearing maggot with relevant ingredientf20}. 
Merits of rearing maggots w-on long term missions 

The full r Recycleing feUy- of the wastes of human/animals and inedible crops in space is possible by rearing 

maggots which will be nourishing feedstuff for feeding animals, the animals and crops will be human food, This 

provides , it would achieve a regenerative closed-loop food regenerative system with clo s e loops in space. 
2. Maggots is-are an ideal food source for- that effeftrHg- otfers many tods- types of nutrition such as rich protein, 
fatty acid, amino acids, vitamins, minerals, electrolytes and many unknown nutrients. Combined with the animals 
fed by maggots and crops, they can meet the-most nutritiona l needs of nutrition for humans mon tog-long-term 
space missions. 

3; — , With the storage technology of tT rozen fly eggs and animal eggs, oosperm and placenta, they-can be frozen 
in liquid nitrogen for crvopreservationr-eouid to provide a achieve safe and sufficient food source and food 
ingredient storage arrangement for i n-long term missions. 

4^ — . Maggots and feeding animals all have strong reproduction abilityies, short life cycles and high growth 

speeds-of-gfowtlfc. It -Maggots arei s easy to rear continuously day and night in-at high defisltv- densities to 
achieve the-efficient and self-sufficient food production. 

5; — . Maggots seldom get diseases. _Rearing maggots and processing e-P-the-maggot powder are al l pathog e ns 
pathogen- free and ch e micals chemical- free activities . _Using it- maggots to feed animals for human foods is safe, 
and does not produce harmful substances te- which could pollute the environment. 

6; — . Technologies for r Rearing maggots and animals are a41-well developed technology w&ehand can be easily 
transferred to space applications with less- minimal research investment and time. _To rear them- maggots one only 
needs simple production equipment, operation, and techniques. The food production, processing and storage 
activities are all perform ed with little space, so that the cost of food production, processing, storage and waste 
recycling €ou4d- can be minimized. 
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What i s C l aimed is: 

1, R eari ng Fly Larv ae (maggot) and fly pupa in space as spac e food sources for animals and human 

2, Rearing maggot in space as d e fin e d in claim L the human / animals waste ( manure) and inedible crop 
plants in space be fully recycl e d to r e generate nourishing maggot biomass for. animal feedstuff 

3, Rearing maggot as defined in claim 1, maggot can be carri e r of som e s p e cial ingr e dient s by feeding maggot 
with relevant ingredients that crew need, such as vitamins, min e ral s , e l e ctrolyte s and antibiotic e tc., s o 

the r e aring animals will be the carrier for the s e relevant ingredients too by feeding with those maggot, the 



crew will get these rel e vant ingredients from th ese animal food. 



4 , R e aring maggot as space food sourc e for an i mal a s d e fined in cl aim L the eno ugh fly e gg s , animal e g gs, 
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oo s p e rm and plac e nta be all brought from e arth, they wer e froz e n in liquid nitrogon as the Food source, and 
can be wa rm e d and hat e h e d for r e aring in s p a c e, t h us a c hi e v e s af e and s uffici e n t food s ourc e and in gre d ie n t 

SIKH KtjSfS TtlTTtTl n£"fS71 tTfl ttttKytWtTp I TTt- KriTtTlTtTTr VtttTt t' l l C' I \ y — 

rearing and reproduction could b o a s tandby way for sudden case of fly eggs lost in long term mi s sion. 

5. Rearing maggot in space as d e fin e d in claim 1, wh e n rearing maggot 3 - 3.5 days (or r e aring aft e r 4 days to - 

b e com e pupa).th e living maggot (or pupa) could be feedstuff for rearing animals directly, or proc e s s ing to 

b e m a ggot powder ( or pupa powder) for f r oz e n storage as an i mals feedstuff. 

G^earing^naggoHivspaee^-defined-in^^ 

and liv c stock, these animal bodi es and th e ir eggs will be the nourishing food for human in space. 

7, Rearing maggot in s pace as defined in claim 1. th e residue s after rearing maggot is odor l ess and still rich of 

nutrients, it can be high grade fertilizer for crop plants, the CO ^ from maggot rearing, could supply to crop plants 
for growth r e quirement 

8 ^ Rearing maggot as defin e d in claim 1 , fo r t hos e foo d c risis i n spac e or on the earth, s uch a s disaster in 
potay-advenfafe . on the sea or in war, r e ari ng maggot with self- man we-eould- b e a way of se l f s uffi cie nt 
food production for life saving. 

9, R e aring maggot and Ify pupa as defined in claim 1. th e maggot powd e r, pupa powd e r and the rearing 
an imals fee ding by m aggot and pupa, can b e manufactur e d as h e althy food for resisting ra di at ion-and- 
im pr o vin g immun e ability, not only for hum a n in spac e , also for human on th e e arth.. Th e crop or ani m al 
+nteff^4>Fga«s^0^d-be-feed5tiif^^ 

ingredient s with special function can be added in those feedstuff, or in maggot (pupa) powder for increasing 

e ff e ct. Th e daily dose for adult is 0.3 - 1 .0 gram of pure maggot (pupa) powd e r. 
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0i4-Abstract of the Disclosure 



In the-space, the-wastes from humans, animals, and crops can be fully recycled by rearing maggots 
which will be nourishing feedstuff for feeding animals. These animals and their eggs combiners with the-crop 
plants ti>a{-NASA~deveJop^<i-will be varied food for humans in space. -Th^Wwater and nutrition left leaving- in the 
residues remaining after rearing the maggots can be recycled and used to fertilized by the crop plants again. 
Rearing maggots, and-animals, and combin e d with crop plants prov i des could achi e ve a self-sufficient food 
regenerative system from most was t es that te-enables humans to live and work in space on long term missions 
-independent of e^h-provided-food from eanh.4 n-kmg"terni-miss4en. 
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